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Self-Regulated Learning Substudy: 

Systems Thinking and Curriculum Innovation (STACX) Project 

The Systems Thinking and Curriculm Innovation (STACX) 
Project is a Hulti-year research effort intended to examine 
the cognitive demands and consequences of learning frcm a 
systeans thinking approach to instruction and frcm rosing 
siiaalation^nodeling software. The purpose of the study is to 
test the potentials and effects of integrating the systems 
approach into science and history courses to teach content 
knowledge as well as general problem solving skills. The 
project also examines the effectiveness of using STELEA, a 
simdation^odeling software progr a m, as a tool fay which to 
examine scientific and historical phenomena. The research 
focuses on the learning outcomes and cognitive processing, 
particularly self-regulation, that are activated in an 
instructional environment that requires students to engage 
high-order cognitive skills in the examination of dynamic 
phenomena. 

A primary focus of the Systems Thinking and Curriculum 
Innovation (ST&d) Project is the examination of students 7 
cognitive processes and learning outcomes, and the strategies and 
processes that lead to knowledge and skill acquisition. Cognitive 
process analysis is the means by which the skills and processes 
engendered in tasks and learning activities can be identified and 
understood. Such analyses attempt to determine whether the same 
kinds of skills are applicable across tasks or are specific to 
domains and content areas (e.g., Glaser, 1984; Simon, 1976). 
Processes have been identified that are thought to organize a 
learner's cognition. These processes have been termed 
metacognitive (Brown, 1978; Flavell, 1976, 1979), executive 
(Belmont, Butterfield, & Ferretti, 1982; Snow, 1980), and self- 
regulated (Corno & Mandinach, 1983) and are used interchangeably. 

Metacxgnition generally is defined as an individual's 
knowledge about one's own cognitive processes (Flavell, 1976) . It 



refers to the active monitoring and consequent regulation and 
orx±estration of cognitive processes. Metacogrution requires 
active involvement on the part of- learners, it also requires that 
learners exhibit awareness not only of the founds of the 
particular task or learning environment, but more importantly of 
their own capabilities and performances. Thus, learners most be 
able to evaluate and supervise their own cognitive behavior through 
the use of self-interrogation. Ctorrespcrdingly, they must be able 
to adapt their performance in accord with task demands. 

The present study espouses the concept of self-regulated 
learning and applies its definition in the examination of students' 
learning processes. Self-regulated learning has been defined as a 
student's active acquisition and transformation of instructional 
material (Oorno & Mandinach, 1983) . The construct consists of two 
ccaiponent sets of processes — information acquisition processes 
and information transformation processes. Information acquisition 
processes include receiving stimuli, tracking information, and 
self-reinforcement (alertness, monitoring) . These processes are 
seen as metacognitive when they regulate the second component of 
information transformation. Important transformation processes 
include discximinating relevant from irrelevant information, 
connecting new information with prior knowledge or skills, and 
planning particular performance routines (selectivity, connecting, 
planning) . 

Self-regulation is viewed as a normative ideal that few 
students use consistently. It is neither appropriate for nor 
encouraged by all classroom tasks. Rather, students are 



hypothesized to alternate between different fonts of cognitive 
engagement or variations on self-regulated learning, both between 
and within different task situations. Moreover, the inpetus of 
shifts among the variations may often be task demands and/or 
features of instruction. learning can become less self-regulated 
when sane self-regulation processes are assumed by teachers, peers, 
or characteristics of instructicaial materials. 

Students Who exhibit self-regulated learning engage both 
acquisition and transformation processes. Hie second form of 
cognitive engagement is characterized by learners who are 
exceptional organizers, but look to other sources for assistance 
with necessary transformations . Such learners, termed resource 
managers, are high in acquisition, but low in transformation 
processes. Students who passively receive instruction (engage in 
recipient learning) invest minimal cognitive effort in the task by 
pennitting the instruction to aocaxplish much of tlie cognitive work 
for them. In this third form of cognitive engagement, both 
acquisition and transformation are invested at lew levels. The 
final form of cognitive engagement characterizes students as 
displaying an engagement style with an almost exclusive focus on 
the task. In this form of engagement, students activate nore 
transformation than acquisition processes. They select critical 
variables and connect new to old information; they readily perform 
subject-specific planning. What they do less well is adopt a wide- 
angle perspective, go beyond the information given, and carefully 
moni-or the whole processes at a metacognitive level. 
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Systems Thinking 

Systems thinking is a scientific analysis technique that 
provides a means to understand the behavior of complex phenomena 
over time. In recent years appreciation has developed particularly 
for the heuristic value of systans thinking. The creation and 
nonipulaticai of models is increasingly recognized as a potentially 
powerful teaching technique. Based on the concept of change, 
system dynamics uses sinsulations and aanputer-based mathematical 
. models to represent complex relationships among variables 
(Forrester, 1968) . It is possible to understand the rule-like 
behavior of systems by obstructing models of variables and their 
interactions, and examining the cause-and-effect relationships 
among the variables. The notion of a system is based on: (a) 
variables that characterize a system and change over time; (b) 
relationships among variables are interconnected by cause-and- 
effect feedback loops; and (c) the status of one or more variables 
subsequently affects the status of other variables. 

Simulation models, simplified representations of real-world 
systems over hypothetical time, are used to examine the structure 
of systems. Using simulation software, characteristics of selected 
variables can be altered and their effects on other' variables and 
the entire system assessed. To build a simulation, it is necessary 
to hypothesize the major variables that corprise the system. These 
variables are used to form a dynamic feedback system, expressed in 
simultaneous equations. Over time, variables change and 
subsequently cause other variables and their interactions to change 
as well. Thus, system dynamics focuses on the connections among 



the elements of the system and provides a means to understand hew 
the elanents contribute to the whole (Roberts, Andersen, Deal, 
Garet, & Shaffer, 1983) . 
ST&CI Project 

The STRd Project is a two-year research effort that examines 
the cognitive demands and consequences of learning froa a systems 
thinking approach to instruction and fran using siniaation-nrodeling 
software. The study, which was conducted at Brattleboro Union High 
School (BCJHS) , Brattleboro, Vermont, tests the potentials and 
effects of using the systems approach in existing secondary school 
curricula to teach content-specific knowledge as well as general 
problem solving skills. The study also examines the effectiveness 
of losing STELLA (Richmond, 1985) , a sinulatiorMixxieling software 
package that runs on the Macintosh, as a tool with which to teach 
systems thinking, content knowledge, and problem solving skills. 

The systems thinking approach, as defined here, consists of 
three separate but interdependent components — system dynamics 
theory, STEIIA, and the Macintosh computer. The implementation of 
the systems thinking approach in instruction necessitates that 
students engage high-order thinking skills in order to solve 
effectively systems exercises and learning activities. The 
processes by which systems and STEIIA models are constructed 
require students to exhibit self-regulated learning processes 
(Mandinach, 1988) . Students must lay out, test, and troubleshoot 
their models, using many sources of inconing information. First, 
students need to be alert to incoming stimuli generated by the 
different representations produced in each ccxrputer run. Given the 
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plethora of information, they need to discriminate relevant from 
4 irrelevant data, and connect incxaning with existing information 

about their models. It is essential to monitor the results of the 
different iterations and representations to troubleshoot the 
models. Finally, it is useful to plan systematically iterations of 
hypothesize-test-trOTbleshoot sequences in an attaint to achieve 
working and theoretically accurate models of phenomena. 

The examination of self-regulated learning is one of several 
foci of the STacr Project. The purpose of the present substudy is 
to examine indepth the cognitive processes and self-regulated 
learning skills exhibited by students as they solve problems in 
science courses into which the systems thinking approach has been 
integrated. Performance and processing comparisons are drawn among 
students with different levels of exposure to systems thinking 
classes, ability level, and gender. In addition, students' 
perceptions of the utility and effectiveness of the systems 
thinkiixj approach are explored. 

IXiring the first year of the STAC! Project, systems thinking 
was i tegrated into three general physical science, four biology, 
and three chemistry classes. An equivalent number of traditional 
(control) classes were taught concurrently by other members of the 
faculty. An experimental history course entitled War and 
Revolution, into which systems was completely integrated, also was 
taught. During the Project's second year, systems was taught in 
two physical science, four biology, three chemistry, three physics 
classes, and War and Revolution. Again, an equivalent number of 
traditionally taught classes served as controls. 
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Method 

; Subjects and selection procedure. The substudy focused on 

students enrolled in dieraistry and physics during the 1987-1988 
academic year. In chemistry, we sojght first to identify an equal 
nunfcer of students in the systems and traditional classes who had 
taken either traditional or systems biology in the previous 
academic year. Thus, we identified students who were exposed to 
one of four sequences of science courses (i.e., systems biology- 
systems chemistry, traditional biology-systems chemistry, systems 
biology-traditional chemistry, and traditional biology-traditional 
chemistry) . We also selected students based on ability and gender. 
M edia n splits of standardized achievement test scores were used to 
define high and lew ability groups fron which an equal number of 
males and females were selected. Thus, the study used a 2 x 2 x 2 
x 2 factorial design (biology treatment, diemistry treatment, 
ability, gender) , with two replications per cell (see Figure 1) . A 
total of 31 chemistry students were selected who met the criteria 
on the four factors. 

The factorial design was modified for physics because there 
were no controls for the systems classes. The first selection 
criterion was whether the student took systems or traditional 
chemistry during the 1986-1987 academic year. A second criterion 
was whether the student was enrolled conoirrently in the War and 
Revolution seminar, the experimental history course into which the 
systems thinking approach was fully integrated. Ability and gender 
also were used as selection criteria. The design yielded 22 
students in 11 of 16 cells (see Figure 2) . No low ability students 
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were enrolled both in physics and War and Revolution. In addition, 
there were no high ability females ccrK^urrently talcing both 
courses. 

Procedures . 2he sufostudy focused on two categories of 
cognitive behavior: the assessment of cognitive engagement 
processes; and the identification and assessment of general problem 
skills engendered in the systems thinking approach. Both 
constructs were assessed during a SCHitinute interview administered 
in May. 

An existing instrument used to assess metacognition was 
modified for the purposes of the study to measure the cotponent 
processes of cognitive engagement (Howard, 1987) . The Self- 
Regulated learning Instrument (SRII) contained 16 items, 
representing five subscales: selectivity, connecting, planning, 
alertness, and monitoring (Appendix A) . The first four processes 
were measured with three items and the last subscale attained 4 
items. Transformation processes were measured by concatenating 
scores froa the selectivity, connecting, and planning scales; 
acquisition processes by concatenating scores frcci alertness and 
monitoring. Responses then was classified as self-regulated, task 
focused, resource management, or recipient based on the pattern of 
scores across the bivariate plot of transformation by acquisition 
processes. 

Items were constructed in a forced-dioice format. One 
alternative indicated the student's preferred response for a 
particular process; the other alternative indicated that it was not 
preferred. For example, the instrument included an item that asked 
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if students double-checked their responses or more or less worked 
through the problems without needing to double-check. Double- 
checking is evidence of nmiroring. Thus,, students who reported 
that they deuble-cheelced shewed evidence that they engaged in 
monitoring, an acquisition process exhibited by self-regulated 
learners and resource managers. Students who did not ctouble-check 
shewed lew acquisition processes, a characteristic of task focus or 
recipient learners. 

Students were interviewed individually and tape recorded by 
the author. Upon arrival at the interview, students were told that 
they would be asked a nuntoer of questions about their science 
course, systems thinking, STELLA, the Mcintosh, and the effects of 
systems thinking approach on teaching and learning. It was 
explained that a primary purpose for talking with them was to 
obtain information that could be used to inprove the systems 
courses next year, and that their responses would in no way affect 
their grades. Students then were asked several questions about the 
use and effectiveness of STELLA, the computer, and systems 
thinking* 

Students then were given an assignment that they had 
completed previously in class. The physics exercise was a simple 
acceleration problem (Appendix B) . The chemistry problem, an essay 
on mercury pollution, related to the reaction rates chapter 
recently ccnpleted in both systems and traditional classes 
(Appendix C) . Students were asked to recall the problem and 
describe in detail hew they approached the problem, the processes 
by which they solved it, and hew it related to similar problems 
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assigned in class. One goal was to see if and how students applied 
the systesns approach in solving the problem. The procedure used to 
elicit students' responses was retrospective, think-aloud protocol 
analysis. 

Upcxi ocnpleting the description of their problem solving 
processes, students were asked think about the specific problem as 
well as analogous ones and respond to the SRLI. Students read and 
were talked through the instrument to insure that they understood 
the task. Those students who were enrolled concurrently in the War 
and Revolution seminar were probed about the applicability of their 
responses to the history and science classes. 

Finally, students were asked to express their opinions about 
the effectiveness of using systems thinking in their courses. They 
were as k ed about their perceptions of using the Macintosh, STELLA, 
and systems, hew the approach affected classroom instruction, their 
learning, and motivation* Students also were asked to suggest 
changes and inprovements that might make the systems approach a 
more effective instructional strategy.* 
Results 

Self-Regulated Learning Instrument . Differences in response 
patterns on the SRLE emerged between the chemistry and physics 
classes (Figure 3) . Most students in both courses were classified 
as either self-regulated or recipient. Few students were 
considered task focused or resource managers. Whereas the most 
cxranon level of cognitive engagement among the physics students was 
self-regulation (59%) , the most excraon in chemistry was recipience 
(45%) . She differentiating factor apparently was the cheanistry 
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students' responses to transfacmaticn items. Over 61 percent of 
the chemistry students were rated as lew 00 transformation 
processes, whereas only 36 percent of the physics students were 
classified as lew. An equivalent nunfcer of chemistry students were 
rated high or lew on the acquisition itans, in con tr ast to 68 
percent of the physics students rated as high. Uius, it appears 
that the physics students were more cognitively adaptive to the 
assigned task than were those in chemistry. 

Closer examination of the response patterns within each course 
took into consideration course-taking sequence, ability level, and 
gender. Course-taking sequence for the diemistry students 
accounted for treatment condition in chemistry (systans or 
traditional) and treatment in biology (systems or traditional) . 
Thus, there were four possible course patterns across the two 
academic years. Tables 1 and 2 present the classification of 
students in the various course sequences. One difference between 
systans and traditional chemistry was that recipience was more 
ccaDsnon among students in the control class. This result can be 
traced to the majority of traditional students who exhibited lew 
transformation skills. Major difference were apparent between 
systems and traditional biology classes. Whereas half of the 
systans biology students were classified as self-regulcted, the 
majority of control students were categorized as recipient. This 
result is attributable to the traditional classes' low scores on 
both acquisition and transformation processes. 

When course-taking sequence is brokendown into tlie four 
patterns, results indicate that students who took both traditional 
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biology and chemistry were at a distinct disadvantage. Seven of 
* the eight students were classified as recipient; the remaining 

student was self-regulated (a high ability female) . A closer 
examination of these recipient students' scores (see Figure 1 for 
scares on the five carponent processes) indicate that they were 
able to select information and discriminate relevant from 
irrelevant data, but were lacking in connecting, planning, 
alertness, snd monitoring skills. Only one student exhibited 
monitoring skills, while a second exhibited sane evidence of 
ccamecting skill. Students who took traditional biology and 
systems chemistry exhibited deficits in transformation processes, 
but exhibited acquisition skills. Students who took systems 
biology, regardless of the cfcsnistry treatment condition, exhibited 
similar patterns of cognitive engagement. Apparently, not having a 
systems course was detrimental; having seme systems was 
advantageous, particularly if it was in biology. 

Slight ability and gender differences were noted in levels of 
cognitive engagement. Collapsing across treatment conditions , more 
low ability students (60%) exhibited recipience than did high 
ability students (31%) . High ability students tended toward 
resource management (25%) more often than those in the lew ability 
group (7%) . Seme interesting response patterns were yielded by the 
interaction between gender and ability. High ability males tended 
toward self-regulation, particularly if they took systems 
chanistry. In contrast, the majority of the low ability males (and 
all in traditional chanistry) were rated as recipient. Lew ability 
females who took only traditional courses were classified as 
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recipient, whereas those who had sane exposure to systems exhibited 
more adaptive levels of cx^nitivr engagement. Moreover, three of 
four lew ability females who took systems biology exhibited self- 
regulation. 

Over half the physics students exhibited self-regulation, 
whereas 27% were rated as recipient (Tables 3 and 4) . Physics 
students were more likely to exhibit high levels of transformation 
and acquisition processes, particularly those also taking War and 
Revolution. Students who had not been exposed to systems other 
than in physics (i.e. , traditional chemistry without War and 
Revolution) exhibited a pattern of responses different fraa the 
other ccurse-taking sequences. Half these students were rated as 
self-regulated; the other half were recipient. Further examination 
(see Figure 2) indicates three of four high ability students were 
self-regulated, whereas one was recipient. The reverse was found 
for lew ability students; three were recip ient and one self- 
regulated. The teacher confirmed that the high ability male who 
was classified as recipient showed little motivation for learning 
and consequently did not perform well in the course. In contrast, 
the lew ability female who was rated as self-regulated was 
enthusiastic about physics and performed quite well. The teacher 
made similar observations about another hi^i ability male and lew 
ability female. Both students were exposed to systems in 
chemistry. The male was was ratal as recipient; the female was 
self-regulated. t 

Gender differences were noted in physics. Females were more 
likely to be self-regulated (72%) than males (45%) , and less likely 
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to be recipient (18% versus 36%) . In particular, six of seven high 
ability females were rated as self-regulated, in contrast to three 
of seven high ability males. Furthermore, althou^i two recipient 
and two self-regulated learners were found among lew ability males 
and lew ability fanales, it is interesting to note that three of 
fair recipient learners had not been exposed to systems thinking 
(other than in physics) • In contrast, three of four self-regulated 
learners also took systems chemistry. 

Comparisons among the physics students not only took into 
account treatment cenditien in their chemistry courses, but also 
vihether they were aaxaarrently enrolled in the War and Revolution 
seminar. Conoirrent enrollment makes exsrparisons sli^itly more 
explicated because students in the seminar were a select, high 
ability group, not necessarily representative of the wider 
distribution found in physics. Ihus, cxsiparisons are made in Table 
5 between the War and Revolution students and only the high ability 
physics students. She high ability physics students exhibited 
similar response patterns to those of the War and Revolution 
students. There was a larger proportion of high acquisition and 
transformation processes and consequently, self-regulated learning 
with the removal of the lew ability students. Yet, 25 percent of 
the high ability students still exhibited recipience, the form of 
cognitive engagement not found among students in War and 
Revolution. 

The SRLI was designed so that indepth analyses of response 
patterns could be performed. Examination of patterns across the 
five component processes yielded insightful results aanc^rning 
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students' cognitive performance* Three high ability males in 
physics exhibited pure self-regulated learning* That is, all 
responses indicated high levels of performance on all items across 
the five ocnpcnent processes. Four other stiadents were rated as 
self-regulated on 15 of 16 items. Interestingly, three of these 
four students (all hi^i ability females in physics, two of whoa 
were in War and Revolution) responded similarly on one planning 
item that indicated a preference for attending to what otter people 
are doing to get ideas, rather than esdiibiting short-term planning 
on one's cwn. This notion of collaborative group learning was a 
critical factor in the War and Revolution seminar as well as in 
much laboratory and cxxrputer work in physics. In contrast, only 
one student, a high ability male in physics with no previous 
exposure to systems, responded in a completely recipient manner. 
Three other males responded to all but one item as recipient 
learners. 

Other interesting response patterns emerged across the five 
cecpcnent processes rtfcble 6) . A nuntoer of students exhibited all 
but one skill; others exhibited only a specific carponent. 
Students who exhibited only a particular component generally showed 
evidence of one of the transformation processes, rather than the 
metacognitive aajuisition processes. However, one high ability 
female shewed evidence of both high-level acquisition processes, 
but failed to exhibit any transformation skills. Several other 
students showed evidence of all but one cenponent. The deficits 
always occurred on one of the transformation processes. 
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The selected response patterns have duplications for 
instructional remediation. In particular, for the six students who 
exhibited aefidencies on only one conpcaient, subsequent 
instruction can be focused to remediate the specific learning 
deficit. For the student who showed a weakness in selectivity, 
instruction could be targeted toward increasing her ability to 
discriminate relevant from irrelevant information. Similarly, for 
students who exhibited only one component, subsequent instruction 
need not focus on that skill, but rather target the four other 
skills that are deficient. 

Responses to the SRLI also provided infi drmaticn about how 
students might differ in thair cognitive approaches to different 
content domains. The concurrent enrollment in physics and War and 
Revolution gave students the opportunity to cccpare hew cognitive 
skills might be exhibited in both courses. This is a particularly 
insightful comparison because physics is a quantitative domain, 
whereas War and Revolution is highly qualitative. 

Six students were enrolled concurrently in physics and War and 
Revolution, two of whoa also had taken systems diemistry. Students 
noted that a major difference between physics and War and 
Revolution was how and the extent to which monitoring skills needed 
to be applied in the two courses. One student ccxnmented that there 
was 2 greater need for cognitive monitoring in War and Revolution 
than in physics because thera were no numbers to plug into systems 
models. Thus, students had to be more alert and monitor more 
carefully their thought processes. There are no right or wrong 
answers in War and Revolution, unlike in physics where solutions 
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sonetimes are more concrete, with only cm correct response. Other 
students agreed that monitoring was more critical in War and 
Revolution, although not unimportant in physics. Ihe plethora of 
inf creation students most keep in mind in the history seminar 
necessitated that they double-check their work. Dc^le-checking 
was qualitatively different in physics because problems often 
provided more aanstrsoned boundary conditions, thus enabling 
students to work through than without as much ircmtoring. 

Correspondingly, students articulated that gaining a general 
understanding of a problem was particularly irtportant in War and 
Revolution, where you must both focus on the parts but also how the 
parts of the problem attribute to the systemic nature of the 
whole, conversely in physics, students sometimes simply focused on 
solving the problem if it wass sufficiently constrained, although 
there also was a need for general inxisrstanding, but to a lesser 
degree. 

Connecting was a skill often mentioned as being applied in 
different ways in the two courses. Students were required to 
process a great deal of information in War and Revolution. 
Consequently, tbey needed to tie things together by connecting 
incoming information to extant knowledge. One student consented 
that everything was connected in some way in War and Revolution. 
Therefore, ccamecting skills were necessary to decrease ambiguity 
among the data. This was not generally the case in physics. 
Connecting also was evidenced in the need to seek parallels among 
related exercises and apply the principles to the current problem. 
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The wealth of information erKXuntered in the history seminar 
also required students to exhibit and apply selectivity skills in 
different ways than evidenced in physics. In physics, students 
often were able to discriminate relevant from irrelevant 
information and select what data were needed to solve a given 
problem. Conversely in war and Revolution, all information was 
thought to be important, although students needed to focus on 
specific parts of their projects at particular times. As the focus 
changed, so too did the task demands, thus necessitating different 
levels of selectivity. 

Cognitive processing and perceptions in physics . Of the six 
students who took both War and Revolution and physics, four 
reported that they solved the acceleration problem with STELLA. 
One student preferred a mathematical solution and another used a 
systems thinking approach with causal 1 .cop diagrams* The student 
who solved the problem with quadratic equations reported that math 
was more tangible unless a problem was especially canplex. The 
particular acceleration problem was not sufficiently complicated to 
warrant analysis with STELLA. The student who used causal loop 
diagrams (and ultimately STEIIA) reported that although math was 
logical and understood what the numbers meant, the systems thinking 
approach enabled her to organize and check her work mentally and 
focus on important concepts, despite her dislike of STELLA. 
Students who used STEIIA expressed that the problem was made easier 
and more visually salient with the use of systems. STELLA provides 
visual representations that allowed students to see relationships 
among variables. The diagrams and graphics were important 
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visualization aids that could be tied to real-world problems as 
well as the equations. Although these students noted that 
quantifying this particular problem and analogous ones in physics 
were straightforward, quairtificaticn had been difficult in War and 
Involution. Students were able to concentrate on STELLA'S 
equations, whereas in the history seminar they focused on parts of 
the model. All of the students hi^tlighted that STELLA could be 
used for physics problems like toe one administered, but cautioned 
that the systems approach was not appropriate for all physics 
problems. They also cautioned that you needed to have sufficient 
understanding of physics for the approach to make sense. Without 
the content knowledge, students would not have been able to apply 
STELLA as a problem solving tool. 

Of the other eight high ability students, five solved the 
problem with STELLA, two used both STELLA and quadratic equations, 
and one used only equations. The student who used only equations 
was female who also had taken systems chemistry. She expressed 
that math made complete sense, whereas STELLA took longer on this 
acceleration problem. Those who used both methods noted that the 
STELLA solution was "self-reinforcing 11 and just as sinple as the 
equations, but that a more cccplete understanding came from both 
the math and systems solutions. The students who solved the 
"problem using STELLA did so for a variety of reasons. One student 
who was exposed to systems in both chemistry and physics noted that 
the approach was much more applicable in physics than chemistry. 
Another student noted that he had difficulty with quadratic 
equations, yet STELLA helped him to understand the concept of 
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acxseleration. He would not have been able to solve the problem and 
understand the concept without the sinut aticai-modeling softwc^e. 
STELEA helped several students to visualize the problem and its 
applications in a very real way. 

Performance among the low ability students was quite 
different. lew ability males who had taken systems chemistry used 
STELEA to solve the problem. One female from systems chemistry 
used both STELLA and equations. Ihe other female preferred 
equations, although she used both solution methods. She Garmented 
that she had difficulty with STELLA in physics, but thought it was 
much simpler in chemistry, m contrast, all the lew ability 
students who took traditional chemistry solved the problem using 
equations, despite the fact that they did not understand the 
physics with the mathematical solutions. 

Students were asked to describe if and how they thought the 
systems thinking approach influenced their performance in physics. 
The six students who also took War and Revolution each reported 
that particular aspects of the systems approach facilitated their 
learning. They exemented that the approach helped by enabling them 
to simulate phenomena that could not be done without S TELEA and the 
Macintosh. STELLA, through visual representations, made concepts 
more easily understandable, more tangible, and connected to real- 
world phenomena. The students also acknowledged that the approach 
was not appropriate for all types of problems and all academic 
disciplines. In physics, there was a perception that problems 
needed to be sufficiently complex to warrant application of the 
systems approach. One student noted that because of the 
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quantitative nature of physics, the systems approach was more 
effective than in War and Revolution. A second student disagreed 
by adding that the approach was used more effectively in the 
history seminar where it served to decrease ambiguity in knowledge. 
Another student ccraoented that the approach's strength lies in its 
applicability in social science courses such as eccrxxnic and 
government. All students agreed that systems was a good supplement 
or adjunct to physics and War and Revolution when applied to the 
right kinds of problems. 

Perceptions among the other high ability students were quite 
varied. Pour students thought that the approach helped than to 
learn physics more effectively. Hie approach made learning easier, 
more interesting and efficient, more connected to other problems, 
and "brought reality to calculations." One student ccnmented that 
aithcugh STESIA was abstract, it was easy to learn and an 
invaluable problem solving tool. Two students thought STELLA was 
confusing, but facilitated learning. One student, noted that, 
"STELLA enhances your thinkiin, but is not necessarily easier. It 
takes awhile to understand hew it relates - what affects what." 
Two other students thought that the approach, did not help; one 
needed a slower physics course, the other required more time and a 
more intensive systems unit in order to apply the theory. 

The lew ability students focused on STELEA's capability to 
enhance learning throucfr visual representations and internal 
calculations. It was as if these students perceived that the 
cccpiter was shorteircuiting seme of their cognitive processes by 
performing scoe to the problem solving. One student noted that, 
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"the carpxter doesn't forget. It figures out the math for you and 
lets you see hew it works, 11 Another student added that, "STELEA 
helps you to knew if you are doing it right." One student who had 
difficulty with systems thinking in physics cemented that it was 
easier in chemistry. She needed assistance in content knowledge 
before the systems approach could be applied to physics. 

Cognitive processes and perceptions in chemistry . The 
assessme n t of cognitive processing on the chemistry exercise was 
more difficult to carry out because of its essay format and the 
less direct connection to the systems thinking approach. Systems 
thinking rarely was used or mentioned as a solution to the mercury 
pollution problem. Moreover, students failed to see the problem's 
connection to chemistry. Students often cenrosnted that the essay 
was unlike anything they had encountered in chemistry (bath in 
topic and format) . 

Despite students' lack of insight into the problem, certain 
observations can be made about their cognitive processing. Few 
students read the essay with an eye for the main idea. Instead, 
most students let the questions guide their approach to the 
problem. They worked through each question by searching for the 
answer rather than trying to gain a general understanding of the 
mercury pollution issue. The first three questions could be 
answered in such a task focused manner. The other six questions 
required a higher level of cognitive processing, interpretation, 
and a systemic understanding of the cause-and-ef feet relationships 
in mercury pollution. Students who used the answer searching 
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tactic were less able to provide interpretations for these raore 
ccqplex questions. 

Differences in performance between the systems and traditional 
chemistry classes also were assessed by in-class tests on reaction 
rates, the unit in which the mercury problem was given and where 
the systems module was targeted. A pretest was adnrinisuered before 
the teachers began the reaction rates unit. No differences were 
found betw&sn the systems (M = 4.00) and traditional (M = 3.60) 
classes. Ofte systems (M = 8.67) students performed slightly better 
than the controls (M = 6.81) on the posttest. Biis difference only 
approached significance, F(l, 28) = 3.46, £ = .07. Students who 
were taught reaction rates using the systems thinking approach 
gained 4.78 points from pre- to posttest; the traditional students 
gained 3.27 points. Thus, although the students exposed to systems 
in their reaction rates unit performed slightly better than those 
in the control classes, the results only approached a minimal level 
of significance. 

Mare informative were the chemistry students' opinions of the 
systems thinking approach. The chemistry students were asked to 
describe hew the systems thinking approach influenced their 
urrierstanding of science. Unlike the physics students who all had 
been exposed to at least one systems course, eight chemistry 
students had no exposure and 15 others had limited exposure in iT*a 
previous year when the systems curricula were evolving. 
Consequently, there were expected differences in the amount and 
quality of feedback students could offer. 
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It was expected that students who took both systems chemistry 
and biology would be the most articulate abort the approach's 
iupact. All students recognized that systems could help if applied 
to the a pp ro p r i ate kinds of problems. Hie lew ability students 
noted that the approach cade science concepts ccrae alive through 
visual representations. Systems made learning more interesting 
because the/ could see hew things worked and progress in a step-by- 
step method. Several students noted the approach's applicability 
in other co u rs e s sudi as history and math, and its capability of 
linking science to other disciplines. 

A high ability student contented that the systems approach was 
particularly relevant in science because it highlighted cause-and- 
effect relationships, and allcwed you to explore science concepts 
without getting bogged down in calculations. Furthermore, the 
ccaoputer helped you to keep track of information. However, one lew 
ability student asansnted, the "cccputer doesn't do it; you do." 
Cne of the high ability students articulated the approach's 
importance in science methodology. "I like STELLA. It's a lot 
simpler to vise than previous methocs. You can form a hypothesis in 
a short amount of time and test it. This is really good." 

Although these students believed that systems was a useful 
tool, they also discussed hew the systems courses could be 
improved. One student commented that there was a need to 
understand the diemistry concepts before using STELLA. Another 
mentioned that there should be more explicit explanations of hew to 
set up models. A third student who was apprehensive about the 
coBoputer expressed frustration with learning systems thinking and 
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the carputer together. Perhaps if she had had computer training 
first, the systems approach would have made more sense. Students 
in other treatment sequences concurred that the systems approach 
should be integrated more explicitly into the curricula. They also 
expressed the approach's applicability to other academic classes 
and hoped that the perspective would be used in other departments. 

Students viho took systems chemistry and traditional biology 
generally thought that systems enhanced their understanding of 
science. Seme noted the approach's applicability as a general 
prcblaa solving tool that could be used for a variety of problems, 
particularly those that required hypothesis testing and graphing. 
Systems served as a good adjunct to laboratories and lectures, 
highlighting seme chanistry concepts that would not have been as 
clear without the approach. Two lew ability students cautioned 
that the systems materials were taught too quickly. A slower and 
more explicit presentation would help them to make the appropriate 
connections to chemisstry. Another low ability student felt she was 
at a disadvantage because dse was in a control class last year, and 
therefore did not have enough cccoputer experience. 

Half of the students who took systems biology and traditional 
chemistry explicitly stated that they would have preferred to have 
taken systems chenistry. These students believed that they 
benefited from the approach in biology and thought it would have 
helped in chemistry. One student even requested a transfer into a 
systems class. Three other students noted that systems also helped 
them to understand scientific concepts such as cause-and-effect. 
Conversely, one lew ability student cccanented that he was glad to 
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be in the control class and wished he also had been in traditional 
biology because he was always lost. 

3he final grcup, those who were not exposed to the systems 
approach, did not understand what the approach really was, other 
than fran discussion with other students. Five students knew it 
was a problem solving tool that might help than in their courses; 
three sixoply did not knew. Two students explicitly expressed their 
wish to be in systems chemistry. 

Students *ho took systaas chemistry were asked by the teacher 
to fill out an evaluation of the s y stems thinking approach. All 
enjoyed working with the Macintosh, particularly those with more 
systems experience. Students generally liked using STELLA to 
answer chemistry problems and preferred the software to the 
lectures and laboratories on reaction rates. Females expressed 
slightly mixed reactions to STELLA, whereas the males were more 
positive. However, the females definitely preferred to use STELLA 
rather than do the laboratory. In general, most students expressed 
positive opinions about the use of the systems thinking approach in 
learning reaction rates. 
Conclusions and Triplications 

The case study interviews conducted in this substudy provided 
intensive information about the effects of the systems thinking 
approach cm student's cognitive processing and perceptions of the 
approach's inpact on learning. No significant differences were 
found in inferential comparisons between systems and control 
chemistry classes on outcomes related to instruction on reaction 
rates. However, differences were noted among physics students in 
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their ability to apply systems to scientific problems. Differences 
also were noted on students' levels of cognitive engagement. 
Patterns could be traced across course sequences, with sodents 
exposed to more systsns eadiibiting higher forms of cxsgnitive 
engagement. Students with minimal or no exposure to systems were 
more likely to exhibit recipience. Rn±hermore, not all low 
ability students were classified as recipient, nor were all high 
ability students self-regulated. Forms of cognitive engagement 
varied across ability level, gender, and exposure to systems 
thinking. 

Students' perceptions of the approach's impact on their 
learning were quite varied and differed in the physics and 
chemistry courses. Hysics students were more articulate about how 
they oculd apply systems in their coursework as a problem solving 
tool. As a tool, systems could be applied to seme, but not all 
problems. Applicability depended on the complexity of the problem. 
Traditional methods were seen as more useful and efficient for 
sinple problems; the systans approach, was considered more effective 
for conplex and dynamic problems. Both physics and chemistry 
students saw the approach's applicability to other academic 
disciplines. History and social studies were most frequently 
mentioned as classes that would benefit from the teaching 
perspective. 

The chemistry students also provided insightful comments about 
hew the systems approach could be used more effectively in the 
science courses. Although opinions differed about the use of 
STELLA and the Macintosh, many students believed that the systems 

28 

ERIC 30 



thinking approach was a useful problem solving tool that helped 
tftesn to Uftcferstamd better the content of their science courses. 

She systems thinking approach was integrated into science 
courses as an analytic technique that would help students solve a 
variety of problems and simulate phenomena dynamically over time. 
Die intent of integrating the approach into the science courses was 
to examine its impact across courses as students were exposed to a 
sequence of classes that used systems. Results indicate that the 
systems thinking approach is not applicable to all problems 
encountered in science courses. However, it is helpful as a 
problem solving tool for many problems, particularly those that 
examine dynamic phenomena. Hie approach can help teachers convey 
to students concepts that heretofore were difficult to cxsnprehend 
(e.g. , osmosis) . The approach should be thought of as one of marry 
teaching strategies or one of many problem solving tools that can 
be applied when appropriate to instruct or solve particular types 
of problem or concepts. 

The approach consists of three interdependent but distinct 
ccBoponent, each of which attributes to its effectiveness. Systems 
thinking is a theory that can be applied to teaching and learning 
of dynamic phenomena. The Macintosh and STELLA are tools that 
enable student to implement systems theory and apply it in very 
real ways to many situations. However, many students failed to 
understand the systems approach. That is, they thought STELLA was 
systems thinking, which is a critical misconception. STELLA 
enables students to ccsnstruct structural diagrams and models of 
systems, than simulate them dynamically over hypothetical time to 
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test hypotheses. Yet, there is more to systems thinking than 
structural diagrams and STELLA. As nany of the Ear and Revolution 
students noted in this study and elsewhere (Mandinach, 1988) , a 
causal loop diagram is another viable representation of s y s t ems 
phenomena. Ihe approach integrates the three cxxnponents into one 
instructional medium, with both the theory and the tools 
attributing to the perspective's power as a teaching- strategy and 
problem solving tool. 

As an instructional strategy, explicit connections need to be 
made between the approach and the course content into which it is 
to be integrated. Students at BUHS were not quite sure how the 
systems approach fit into their science courses. If the approach 
is not well integrated or linked to the curriculum, students will 
perceive that systems thinking is peripheral to the course, rather 
than a tool that can be applied to help them acquire declarative 
and procedural knowledge. Systems would be seen as separate, 
something that is not tested and therefore an uninportant part of 
the course. 

To accomplish such integration, teachers need to be 
knowledgeable, although not necessarily expert, about systems 
theory, STELLA, and the Macintosh. It is vital that they have 
sufficient working knowledge to troubleshoot problems, advise, and 
guide students' learning activities. In providing such guidance, 
the teacher's role changes from an instructor who directs a class 
and imparts knowledge to a facilitator who shares control and 
responsibility for learning with the students. 
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Science may not be the only discipline into which the approach 
fits naturally. Systems could be applied to xuathemtics, given 
that it underlies systems theory and STELIA. Perhaps the 
approach's greatest potentials can be found in its applicability to 
social science courses such as eronccdcs, history, and government. 
In fact, many students expressed that systems should be used in 
other courses; sane students already applied systems methods in 
their social studies courses. 

Contrary to early expectations, systems thinking is not just 
for hicgi ability students; lcwr ability students also are capable of 
applying the approach effectively, in addition, not all high 
ability students benefit from systems thinking. Some students in 
this study fail to recognize its potential as a problem solving 
tool; others who have negative attitudes toward computers find the 
software and hardware to be impediments to learning. In contrast, 
some students who previously had been less that successful in 
science courses have espoused the approach as a means by which to 
overcome past difficulties. 

Finally, the systems thinking approach (i.e., system dynamics, 
STELLA, and the Macintosh) appears to be related to students' 
cognitive engagement. Some students in this study who have not 
bean exposed to systems thinking were at a disadvantage; they 
exhibited lower forms of cognitive engagement. Students who had 
some systems thinking exhibited more adaptive levels cf cognitive 
engagement. Those who had multiple exposures to systems shewed the 
highest levels of cognitive engagement and were aware that strategy 
switching in accord with task demands is an effective and adaptive 
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method of learning. Rn±hermore, ability and self-regulation, 
althcu^i positively related, are not synonymous. Net all high 
ability students are self-regulated, nor are all lew ability 
students recipient. Moreover, the systems thinking approach may 
have assisted sane lew ability students to exhibit more adaptive 
forms of cognitive engagement. 

A curriculum innovation such as the systems thinking approach 
requires a longitudinal perspective from which to assess its 
impact. The true test of the cwrriculiim innovation will evolve as 
teachers become more experienced with and integrate effectively the 
instructional perspective, and students become exposed to more 
ccurses. Results reported here indicate that the systems thinking 
approach has the potential to serve as an effective teaching 
strategy and general problem solving tool. Subsequent studies will 
examine the approach's long-term effects on teaching and learning 
activities as the curricula continue to evolve over time. 
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Footnote 

This research was ccaiducted under the auspices of the 
Educational Technology Center, Harvard Graduate School of Education 
and was supported by the Office of Educational Research and 
Iiiproveaent under contract number 400-83-0041. Any opinions, 
findings, and conclusions or recommendations expressed in the 
document are those of the author and do not necessarily reflect the 
views of ETC, OERI, or EES. The author wishes to acknowledge Hugh 
dine, Nancy Benton, Colleen Lahart, and Peggy Thorpe of EES, Dr. 
Barbara Bowen of Apple Computer, Inc. , Charles Butterf ield, Sam 
Groves, and Chris O'Brien of Brattleboro Union High School, Dr. Lyn 
Corno, and Dawn Howard for their contributions to this study. 
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Figure 1 

Design and response patterns on the Self-Regulated learning 
Instrument for chemistry students 

Chemistry 1987-1988 
Systems Traditional 
Biology 1986-1987 Biology 1986-1987 
Systems Traditional Systems Traditional 



Male 



High 
Ability 



Female 



Male 



low 

Ability 



Female 



11113 — 11 
SRL 

mn — 11 

SRL 


11111 — 11 
SRL 

10011 — 01 
EM 


10011 — 01 
EM 

inn — u. 

SRL 


10000 — 00 
R 

10000 — 00 
R 


10100 — 10 
TF 

00000 — 00 
R 


00100 — 00 
R 

10011 — 01 
EM 


ooon — oi 

EM 

10111 — n 

SRL 


10001 — 00 
R 

mil — n 

SRL 


11011 — 11 
SRL 

00100 — 00 
R 


10101 — 10 
TF 

00001 — 00 
R 


00000 — 00 
R 

01000 ■— 00 
R 


01000 — 00 
R 

10000 — 00 
R 


00000 — 00 
R 

11011 — 11 
SRL 


01001 — 01 
EM 


loin — 11 
SRL 

non — ii 

SRL 


10000 — 00 
R 

10000 — 00 
R 



Note , Scores represent cognitive engagement components: 
selectivity, connecting, planning, alertness, and 
EmLtoring, followed by transformation and acquisition 
processes composites. * 1 = high. 0 = low. 
Each raw in a cell represents me student profile. 



36 

38 



Figure 2 

Design and respcsise patterns on the Self-Regulated learning 
Instruinerrt for physics students 



"Sfcysics 
Systems Chem 1986-87 
War & Rev No WSR 



1987-1988 

Traditional Chan 1986-87 
War & Rev No WSR 



Male 



High 
Ability 



Female 



Male 



Ism 

Ability 



Female 



00011 — 01 
RM 

mu — n 

SRL 


00000 — 00 
R 

nm — 11 

SRL 


11000 — 10 
TF 


mm— ii 

SRL 

00000 — 00 
R 




inn — n 

SRL 

00011 — 01 
RM 


11,111 — 11 
SRL 

mn, — ii 

SRL 
U 11,1,1 "~* JJ. 

SRL 


11111, — 11 
SRL 

mu — u 

SRL 




01111 — 11 
SRL 

iom — ii 

SRL 




00000 — 00 
R 

00000 — 00 
R 




00000 -— 00 
R 

inn. — ii 

SRL 




00100 — 00 
R 

11111 — 11 
SRL 



Note. Scores represent cognitive engagement components: 
selectivity, connecting, planning, alertness, and 
Boiitoring, followed by transformation and acquisition 
processes ccnposites. 1 = high. 0 = low. 
Each rw in a cell represents one student profile. 
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Figure 3 

Distribution of cognitive engagement in physics and chemistry 



Chemistry 

Aajuisiticn Processes 
High Lew 





Self-Regulation 


Task Focus 




Hi#i 


10 


2 

D.O-6 


12 

Jo«o 


Transfornaticn 
Processes 








Lew 


Resource Manage- 
ment 

5 

16.1% 


Recipience 

14 
45.2% 


19 

OX* *JT> 




15 
48.4% 


16 
51.7% 


31 


Ehysics 


Acquisition Processes 
High Lew 






Self-Regulation 


Task Focus 




High 


13 
59.1% 


1 

4.5% 


14 

63.6 


Transformation 
Processes 








Lew 


Resource Manage- 
ment 

2 

9.1% 


Recipience 
6 

27.3% 


8 

36,4% 




15 
68.2% 


7 

31.8% 


22 



Note . Acquisition processes include alertness and monitoring. 

Transformation processes include selectivity, connecting, 
and planning. 
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Table 1 

Classification of cognitive engagement among chemistry students 



Course-Taking Sequence 
Cs% CgBp Op% pj®p Total 

n % 



Self-Regulation 
Task Focus 
Resource Management 
Recipience 



4 14 
110 
0 3 2 

3 2 2 



1 10 32.3 

0 2 6.5 

0 5 16.1 

7 14 45.2 





Systems Chemistry 


Traditional Chemistry 


Self-Regulation 


5 (33.3) 


5 (31.3) 


Task Focus 


2 (13.3) 


0(0) 


Resource Management 


3 (20.0) 


2 (12.5) 


Recipience 


5 (33.3) 


9 (56.3) 




Systems Biology 


Traditional Biology 


Self-Regulation 


8 (50.0) 


2 (13.3) 


Task Focus 


1 ( 6.3) 


1 ( 6.7) 


Resource Management 


2 (12.5) 


3 (20.0) 


Recipience 


5 (31.3) 


9 (60.0) 



Note , n = 31. 

CgEg = Systems chemistry, systems biology. 
CgBp = Systems chemistry, traditional biology. 
OjBs = Traditional chemistry, systems biology. 
Oj©r = Traditional chemistry, traditional biology- 
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Table 2 

Classification of ccnmonent processes of cognitive engagement 
among chemistry students 



Course-Taking Sequence 
CsBg CgBj. OpBs OrBp 



Total 
n % 



Transformation 

High 

lev 
Acquisition 

High 

low 



5 
3 

4 
4 



2 
5 

4 
3 



4 
4 

6 
2 



1 
7 

1 
7 



12 
19 

15 
16 



38.7 
61.3 

48.4 
51.6 



Systems Chemistry Traditional Chemistry 



Transformation 

High 

low 
Acquisition 

High 

low 



7 
8 

8 
7 



(46.7) 
(53.3) 

(53.3) 
(46.7) 



5 (31.3) 
11 (68.8) 



(43.8) 
(56.2) 



Systems Biology Traditional Biology 



Transformation 

High 

low 
Acquisition 

High 

low 



9 (56.2) 
7 (43.8) 



10 
6 



(62.5) 
(37.5) 



3 
12 



(20.0) 
(80.0) 



5 (33.3) 
10 (66.7) 



Note , n = 31. 

= Systems chemistry, systems biology. 
CgBji = Systems chemistry, traditional biology. 
OjBg = Traditional chemistry, systems biology. 
OiB-p = Traditional chemistry, traditional biology. 
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Table 3 

Classification of cxxgiitive engagement among physics students 



Course-Taking Sequence 





CgW&R 




OrWSR 


op 


Total 
n % 


Self-Regulaticn 


1 


5 


3 


4 


13 59.1 


Task Fccus 


0 


0 


1 


0 


1 4.5 


Resource l-fenagasent 


1 


1 


0 


0 


2 9.1 


Recipience 


0 


2 


0 


4 


6 27.3 



Systems Chemistry Traditional Chemistry 

Self -Regulation 6 (60.0) 7 (58.3) 

Task Focus 0(0) 1 ( 8.3) 

Resource Ifenagarant 2 (20.0) 0(0) 

Recipience 2 (20.0) 4 (33.3) 



War and Revolution No War and Revolution 

Self-Regulation 4 (66.7) 9 (56.2) 

Task Focus 1 (16.8) 0(0) 

Resource Ifenagemsnt 1 (16.8) 1 ( 6.2) 

Recipience 0(0) 6 (37.5) 



CqW&R » Systems chemistry, War and Revolution. 
Cq = Systems dianistry, no War and Revolution. 
OjWfiR » Traditional chemistry, War and Revolution. 
Op - Traditional chemistry, no War and Revolution. 
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Table 4 

Classification of component processes of coqnitive enqaqenent 




• 


amosxj physics students 








Ocurse-Taking Sequence 
CsW&R Cq Oj-W&R Op Total 

n % 


« 




Transformation 

High 

lew 
Acqoisition 

High 

Lew 


1 5 4 4 14 63.6 

1 3 0 4 8 36.4 

2 6 3 4 15 68.2 
0 2 1 4 7 31.8 








systems fttysics Traditional Riysics 




- 


Transformation 

HLcfr 

Lew 
Acquisition 

High 

Lew 


6 (60.0) 8 (66.7) 
4 (40.0) 4 (33.3) 

8 (80.0) 7 (58.3) 
2 (20.0) 5 (41.7) 








War and Revolution No War and Revolution 






Transforation 

High 

Lew 
Acquisition 

High 

Lew 


5 (83.3) 9 (56.2) 
1 (16.7) 7 (43.8) 

5 (83.3) 10 (62.5) 
1 (16.7) 6 (37.5) 






Note, n = 22. 

CgW&R = Systems ctoristry, War and Revolution, 
qg = Systems chemistry, no War and Revolution. 
OjW&R = Traditional chemistry, War and Revolution. 
Qp = Traditional chemistry, no War and Revolution. 
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Table 5 

Classification of cognitive snqaqment among physics students, 
considering; ability level 



W&R 



No W&R All NO W&R HA 



Self-Regulation 
Task Focus 
Resource Management 
Recipience 



4 
1 
1 
0 



9 
0 
1 
6 



5 
0 
1 
2 



Transformation 



High 
Low 



5 
1 



9 
7 



5 
3 



Acquisition 



High 
Low 



5 
1 



10 
6 



6 
2 



Njte. n = 22. 

W&R = War and Revolution. 

No W&R All = No War and Revolution, all students. 
No W&R HA = No War and Revolution, only high ability 
students. 
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Table 6 

Selected response patterns on the SelfHRagulated Learning 
Instrument 



Transformation - - - ArnHipiticn 

Selectivity Connecting Planning Alertness Monitoring 



Exhibits 


IfTT 


DOS 


IMSS 


IMST 


only a 


HHTT 


IMET 


HEST 


IMP 


specific 


HMTT 




LPT 


HPES 


component 








(has acquisition but no 










transformation skills) 


Exhibits 


HFTW&R 


LETS 


IMSS 




all other 




HPES 


IFSS 




opponents 




IMS 







Note* H « hi#i ability. L = low ability* M = male* F = female* 
SS = systaas chanistry and biology. 
ST = systaas chemistry, traditional biology. 
TS = traditional chanistry, systans biology. 
TP ~ traditional chemistry and biology. 
T - traditional chemistry, no War and Revolution. 
S = systans ciiemsitry, no War and Revolution. 
TWSR = traditional chemistry, War and Revolution. 
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Class & Mods 



Self-Regulation Questionnaire 

Oiink back to when you were reading the problem and trying to 
figure out what ycu were supposed to do. What were you thinking 
about? 



Did you think about: 

a. the steps you would go OR b. 
through or the extra 
information you migjit need 
to do the problem? 



the very first thing 
you would do to get 
started? 



2. Did you consider: 

a. what the problem war OR b. how you would work out 
asking ycu to do overall? the first part of the 

problem? 



3. Did you think about: 

a. other school work that OR b. whether other students 
the problem reminded in your group might be 

you of? helpful to you in 

solving these problems? 



4. Did you: 

a. keep track of sane of 
the information in 
order to ranember it 
better? 



OR b. r^id the information 
without doing anything 
special to make sure 
you would remember it? 
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In cccpleting the problem, you had to do several different kinds of 
things - first you had to read the description of the problem, then 
you had to figure out what you had to do to solve it, and so on. 
During these different parts of the task, which of the following 
did you do MDSTUT? 

5. Did you: 

a. plan how you would do CR b. 
each part of the problem 
as you came to it? 



pay attention to what 
others were doing or 
saying, to get ideas 
about how to do parts? 



6. During various parts of the task, did you: 

a. consistently pay CR b. try to pay attention, 

attention to the problem but kept losing your 

and what you were doing? concentration? 



7. Did you: 

a. compare the information CR 
in this problem to some- 
thing yov. knew about 
already? 



b. see this information as 
new and keep it pretty 
much separate from 
things you knew already? 



8. For parts of the task did you: 
a. create a drawing or CR 
other representation 
to help you understand, 
remeaber, or work with it? 



b. think about the infor- 
mation in just the way 
it was presented to you? 
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Khen you were working on the problem, did you: 
a. decide that seme OR b. oonsider every bit of 

details given in the the information as 

problem were not important important? 
for solving it? 



Did you find that you: 

a. saretiaes double-<4ieckBd CR b. more or less just worked 
to make sure you were through the problems 

doing it right? without needing to 

double-check things? 



While working on the task, did you: 

a. pause to figure out the CR b. work through the task 

next steps you would need without stopping to plan 

to take? your next moves? 



During the task, did you: 

a. think about whether you CP. b. just concentrate on 
had a general understanding solving the problem? 
of things or not? 



While working on the task, did you: 

a. focus on some parts or CR b. concentrate equally on 
points more than others? all the information? 
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tpysics Problem 



A late passenger, sprinting at 8 */aec, is 30 m away fran the 
rear end of a train when it starts out of the station with an 
acceleration of l a/sec 2 , can the passenger catch the train 
if the platform is long enough? (Note: This problem 
requires solution of a quadratic equation. Can you explain 
the significance of the two values you get for the time?) 
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Mercury In the Environment 



Several decades ago, the people of Minamata, a 
smalt coastal town on tho southernmost island 
of /"P" n « witnessed some strange events. Birds 
t would suddenly drop from the sky. almost as if 
someone had shot them. Cats were seen to spin 
around and "dance" in frenzied convulsions, 
usually to Ihnir death. Thon in 1050 physicians 
here began to investigate a mysterious human 
Illnejss—a disease thought to be possibly associ- 
ated with the "dancing cats" and one that prob- 
ably had boon present in the population for a 
long tune. I Win nflcsr person developed nn- 
usual neurological symptoms, including the 
inability to walk or talk correctly. 

After testing for and ruling nut many possi- 
ble diseases, the baffled medical authorities, 
suspecting nn environmental cause, focused on 
the binest industry in this town, a chemical 
plant dint produced plastics and petrochemi- 
cals. Although the company vigorously denied 
charges of hmng responsible for this strange dis- 
ease, the company doctor secretly began to iwr- 
form his own tests by feeding waste material 
produced by the plant to laboratory cats. In Oc- 
tober of 1959. he discovered the culprit: After 

$ £ gC ln 8 W ? S,CS con,ni »«"R mercury, cat nuni- 
! ber 400 underwent seizures and began to spin 

I an n n ^U f g . r<?a ! "Pf 8 ?' crashin 8 into laboratory 
1 waUs ' T "e doctor deduced that mercury poison"- 
.J ing was affecting members of the population, 
j, animal and human, exposed to water containi- 
ng nated with wastes from this chemical plant. 
II , . , Mc . rct »ry ; element number 80 in the periodic 
■| table is a silver-white, heavy metal. It is one of 

ii rt y ,u?° R, ? mcn,s J hn ! are Hniiicl under normal 
|| conditions (the other is bromine). Historically. 

J*| mercury, also known as quicksilver, has been 
, associated with neurological diBorders in per- 
f T S r x P° SRd l , ° { « ovor long periods of time. In 
I he nineteenth century, this metal caused mon- 
ol illness in hatters, or hat makers, who u*ed it 
SJS lu "- f . n ,h ° Mad Hatter in Lewis 
Carroll s Alice s Adventures in Wondcrhmd is a 
fictional character based on the real victims of 
m mercury poisoning in that profession. This poi- 
soning can be caused by the inhalation of fumes 
. Produced by the substance, making it an occn- 
pational health hazard for such workers es mer- 
cury miners. It can also result from the inges- 
^ turn of the metal. A serious public health 
disaster occurred in the southwestern Unil.,' 

ERJC >ah?S <l " Ti " n 1,10 ,a,R ,!m0s< w,,Rn many incli 
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viduals accidentally ate seeds that had been 
reated with mercury-containing fungicide and 
that were meant only for planting. 

The victims of Minamata were poisoned hv 
mercury dumped into the water. But scientists 
were confused by this at first. Mercury is not a 
reactive metal. It is only slightly soluble in 
water and does not react easily with ether sub- 
stances. Thus, it was long thought—until the 
ate 1960s, in fact— that mercury discarded into 
the environment, especially into water, did not 
Imiso much of n threat or hon!lh hazard. .Soirn. 
lists considered it safe for industries to dump 
mercury into bodies of water because they be- 
lieved the metal would simply settle down to 
the bottom and eventually l>e buried by layers of 
sediment. 

Then, in the 1!1B0s, scientists in Sweden 
were instigating the mnrcurv levels in fish 
taken from mercury-contaminated wntor. They 
observed that the mercury found in the fish tis- 
sues differed from the inorganic, eleinoiWni 
form that had been dumped; instead, the mer- 
cury was present in an organic, and more toxic, 
lorm, called methylmerc.urv. This "biotransfor- 
mation" was shown to be brought about by mi- 
croscopic life in tho water. Microorganisms 
present in lakes, rivers, and other bodies of 
water transformed insoluble, elemental mer- 
cury into the very soluble and hazardous sub- 
stance methylmercury. There is even some evi- 
dence to suggest that bacteria inhabiting the 
intestines of rats and humans also can perform 
this biotransformation. 

This discovery changed the image of mer- 
cury as a relatively harmless waste product. The 
soluble methylmercury easily passes into the 
tissues of fish, and thon into tho brain, liver, 
and kidney tissues of higher-order organisms, 
including humans, that oat the fish. 

Although case after case of this "disease of 
die dancing cats" was diagnosed, the chemical 
plant officials at Minamata maintained UuA no 
mercury was omitted from their plant into the 
water. They also believed that the evidence 
pointing to a natural formation of the hazardous 
melhyimsrcury would relieve thorn of any re- 
sponsibility for mercury poisoning anyway. 
The company doctor did not at first revnal his 
findings concerning tho effects of mercury in 
the waste's from the chemical plant. Hut' hU 
t^vvorkand that of scientists later showed thai the 



Name 

Mercury in the Environment (Continued) 

chemical plant's waste did indeed contain lev- 
els of both mercury and methvlmercury when it 
was discarded into the water/Finally, in 1973, a 
Japanese court ruled that the company was neg- 
ligent in its actinns, and ordered it to provide 
large cash payments and living and medical 
expenses to the mercury poisoning victims, 
who totaled 1,401 by 1979. 

Besides the emission of this metal in indus- 
trial wastes, mercury contamination in the envi- 
ronment is also caused by the combustion of 
fossil fuels, especially coal. A large amount of 
mercury is released into the atmosphere each 
year by the burning of coal. Eventually it falls 
back to tho earth, adhering to other particles. 
Some of it is then washed by rainfall into bodies 
of water. Scientists can only guess at how much 
mercury falls into water in this way, and then at 
how much is converted to the hazardous meth- 
y mercury form. Although they know that some 
biotransformation of mercury does occur, it 
does not seem significant enough to be a health 
hazard. Scientists do believe, however, that the 
sulfur and nitrogen oxides emitted by fossil fuel 
combustion, which are implicated in the acid 
rain problem (see the Societal Issues essay. 
Acid Rain on page 27-5). somehow increase this 
biotransformation process. As bodies of water 
become more acidic, the mercury levels in the 
fish there have been observed to increase. 

Mercury is considered an "immortal" waste. 
Being an element, it is nonbiodegradable, that 
is, not broken down into less hazardous compo- 
nent parts by natural processes. Being an unre- 
aciivc element, it is ajso not easily dispersed by 
natural processes either. In one situation, the 
and surrounding n factory in Virginia had toxic 
levels of mercury (used in the production of 
chlorine thore) some ten years after the plant 
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Dull! 



had been closed down. The mercury had .ml 
been eliminated by natural processes chirine 
this time. 6 

The disaster at Minamata and other mnrcurv 
poisonings have made it clear that enrrmiive 
measures are necessary to protect the Iminan 
population from mercury The government has 
taken steps to reduce its levels in the environ- 
ment. In 1971. the U.S. Department of Agricul- 
ture lianned many fungicides containing this 
metal, and the use of mercury-containing drugs 
and paints has been greatly reduced. But the 
environmental problems created hv past use of 
mercury am difficult, and expensive, to remedy. 
It is not yet known what kinds of procedures 
will Ih! most effective for reversing mercury 
contaiuinnlion of the environment. 
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Answer tnese questions based or. your understanding of *>,e articie. 
"ercurv In the Environment Refer to the article as necessary. You may 
use sketches, graphs, or diagrams »' they w^U help you answer the 
questions. Make your answers as compete ana ciear as you can 

f . What is (are) the major reason(s) that it took, so long to realize that 
people and animals can be poisoned by mercury in the environment? 

2. What were some important discoveries that helped scientists 
understand mercury poisoning. 

3 How is tne amount of sulfur in fossil fuei (coal and oil) related to 
methylmercury in the environment 

4. a.) If, starting today, no more mercury were released as waste into the 
environment, what would you hope a graph of the threat of mercury to 
people and animals might look Hke? (Try to make the time units 
reasonable.) 

b.) How would ycu go aoout finding out if vour "hoped for" gracfc is 
realistic or possible? 

5. a.) How could the 1973 Japanese court decision affect environmental 
mercury? 

b.) What could be some negative consequences o f that court decision? 

6. Oil spills and certain industrial wastes kill large amounts of 
microscopic life in the water On the other hand, pollution from sewage 
treatment plants increase microscopic life, if you were an environmental 
chemist trying to clean up mercury in the environment, which type of 
pollution wouid your study first. Explain your choice. 

7 Since mercury is an element and therefore impossible to destroy, what 
are the alms or goals of those agencies that are trying to reduce tne threat 
of mercury in cne environment. 
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